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to superpose the threedimensional structures of teleocidin 
and TPA using computers.22$23 We have also superposed 
them by a new rational method which is designed to su- 
perpose molecules in terms of physical and chemical 
properties related to receptor binding, but not in terms 
of superficial chemical structures or positions of hetero- 
atoms." In our study, the superpositions of both the twist 
and the sofa form conformers of teleocidin onto the TPA 
molecule were examined independently, whereas the other 
groups examined the superposition only for the twist 
conformation. The results showed that the TPA molecule 
and the teleocidin sofa form could interact with the com- 
mon receptor through three hydrogen bonds, and the sofa 
form could be superposed onto TPA much better than the 
twist form. In the superposed structures, the spatial 
position of the alkyl group at  (2-12 in teleocidin corre- 
sponded to that of the methyl group at C-2 in the TPA 
molecule. 

In this study, the biological activity of the four indo- 
lactams can be reasonably interpreted in terms of the 

(22) Jeffrey, A. M.; Liskamp, R. M. J. Computer-Assisted Molecu- 
lar Modeling of Tumor Promoters: Rationale for the Activity 
of Phorbol Esters, Teleocidin B, and Aplysiatoxin. Proc. Natl. 
Acad. Sci. U.S.A. 1986,83,241-245. 

(23) Wender, P. A.; Koehler, K. F.; Shkey ,  N. A,; Dell'Aquila, M. 
L.; Blumberg, P. M. Analysis of the Phorbol Ester Pharmace 
phore on Protein Kinase C as a Guide to the Rational Design 
of New Classea of Analogs. Roc. Natl. Acad. Sci. U.S.A. 1986, 

(24) Itai, A.; Kato, Y.; Tomioka, N.; Iitaka, Y.; Endo, Y.; Hasegawa, 
M.; Shudo, K.; Fujiki, H.; Sakai, S. A Receptor Model for 
Tumor Promoters: Rational Superposition of Teleocidins and 
Phorbol Esters. Roc.  Natl. Acad. Sci. U.S.A. 1988, 85, 
3688-3692. 

83,4214-4218. 

existence ratio of the sofa form. This fmding is consistent 
with the results from the superposition of teleocidin and 
TPA molecules. The coincidence of the resulta from two 
independent approaches favors the hypotheah that the sofa 
form is very close to the active conformation for tumor- 
promoting activity of teleocidins. 

This work has ala0 shown that MD calculations are very 
useful for searching for the stable conformations in highly 
strained cyclic compounds. They are especially useful in 
molecules whose stability is strongly influenced by the 
conformations of the substituent groups on them. 
Conclusion 

The importance of the sofa form for the tumor-pro- 
moting activity of teleocidins and indolactams was indi- 
cated by conformation analyses of four indolactam con- 
geners using high-temperature MD calculations. 
Experimental Section 

(&)-Indolactam-G (3). The preparation method, combustion 
elemental analysis, and 'H NMR at room temperature have been 
published." The 400-MHz lH NMR spectrum of indolactam-G 
at -30 OC was measured with a JEOL GX400 spectrometer. The 
chemical shifts at -30 OC are as follows: The fold conformer, 2.78 
(dd, 1 H, J = 15.4,8.3,8-CHz), 2.86 (8, 3 H, NCHS), 3.17 (dd, 1 
H, J = 15.4,6.9, SCHz), 3.51 (d, 1 H, J=  13.5,12-CHJ, 3.58 (dd, 
1 H, J = 11.3,8.2, 14-CHz), 3.69 (dd, 1 H, J = 11.3,4.1, 14-CHz), 

H, J = 7.6,5CH), 6.94 (8, 1 H, 2-CH), 7.03 (t, 1 H, J = 7.6, &CH), 

NCHS), 3.06 (d, 1 H, J = 13.8, 12-CHz), 4.18 (d, 1 H, J 13.8, 

3.94 (d, 1 H, J = 13.5, 12-CHz), 5.05 (m, 1 H, 9-CH), 6.91 (d, 1 

7.09 (d, 1 H, J = 7.6, 7-CH); The S8 conformer, 2.94 (e, 3 H, 

12-CHz), 6.78 (d, 1 H, J = 7.6,s-CH); other peaks could not be 
assigned since they overlapped with the peaks of the fold form. 
The signal ratio of these two conformers is 1:0.2. 
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Adenosine receptor-binding profiles in rat brain tissues and antihypertensive effecta in spontaneously hypertensive 
rata (SHR) of a series of 2-(cycloalkylalkyny1)adenosines (2-CAAs) and their congeners are described. The 
structure-activity relationship of this series of compounds is discussed, focusing on the length of the alkynyl side 
chain and bulkiness of the terminal cycloalkyl substituents in terms of binding activity and cardiovascular effecta. 
All the 2-CAAs had a preferential affinity for Az receptors. Of these derivatives, 2-(3-cyclopentyl-l-propyn-l- 
y1)adenosine (lob) exhibited the most selective affiity for Az receptors (Ki ratio: A1/A2 = 70) on the basis of receptor 
binding. In the C-2 binding region of adenosine, compounds often have potent and/or selective Az activity from 
introduction of an acetylenic group at  the C-2 position followed by one methylene residue further followed by a 
hydrophobic substituent such as a cycloalkyl ring at the terminal position of the alkynyl side chain. Intravenous 
injection of lob up to 100 rg/kg had a potent hypotensive effect without a marked decrease in heart rate in aneathetized 
SHR. Compounds lOj-s, with a hydroxyl group in the C-3" position of the alkynyl side chain, had a potent affinity 
for both A, and Az receptors, but they were not highly selective for Az receptors. These compounds caused a marked 
bradycardia upon intravenous administration in anesthetized SHR. Oral administration of 10b (0.1-1 mg/kg) had 
a potent and long-lasting antihypertensive effect in conscious SHR. 

Adenosine receptors in cell membranes have been 
classified into Al and A2 receptors on the basis of recep- 

tor-mediated inhibition (A, receptors) or stimulation (A, 
receptors) of adenylate cyclase.2 Some adenosine ana- 
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Chart I 
NHr 

Scheme I. (R is defined in Table I)O 
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HOWOH 
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Me% OMe 

DPMA (3) COS 21680 (4) 

2-AAS 110) 

HO 

logues, such as N6-substituted adenosines, with a prefer- 
ential affinity for Al receptors cause cardiac depression, 
while analogues with a high affinity for A2 receptors cause 
~asodilation.~ Recently, adenosine has been reported to 
be clinically useful for the treatment of arrh~thmia.~ 
However, the therapeutic potential of adenosine agonists 
as antihypertensives and vasodilators have not been es- 
tablished due to their lack of selectivity for adenosine 
receptors. Nonselective adenosine agonists produce hy- 
potension and vasodilation accompanied by detrimental 
effects such as atrio-ventricular block and angina pain.6 
Therefore, selective A2 receptor agonists have the potential 
of being useful agents for the treatment of cardiovascular 
diseases with minimized toxic effects. To improve and 
separate the adenosine-induced action, a number of 
adenosine derivatives have been synthesized. Of these 
analogues, M-cyclohexyladenosine (CHAP and M-cyclo- 
pentyladenosine (CPA)' are highly selective Al receptor 

Van Calker, D.; Muller, M.; Hamprecht, B. Adenosine regu- 
lates via two different types of receptors, the accumulation of 
cyclic AMP in cultured brain cells. J. Neurochem. 1979,33, 
994-1005. 
Haleen, S. J.; Evans, D. B. Selective effects of adenosine re- 
ceptor agonists upon coronary resistance and heart rate in 
isolated working rabbit hearts. Life Sci. 1986, 36, 127-137. 
DiMarco, J. P.; Sellers, D. T.; Lerman, B. B.; Greenberg, M. 
L.; Berne, R. M.; Belardinelli, L. Diagnostic and therapeutic 
use of adenosine in patients with supraventricular tachyar- 
rhythmiae. J. Am. Coll. Cardiol. 1986,6,417-424. 
Sylven, C.; Jonzon, B.; Brandt, R.; Beermann, B. Adenosine- 
provoked angina pectoris-like pain-time characteristics, influ- 
ence of autonomic blockade and naloxone. Eur. Heart J. 1987, 
8, 738-743. 
Bruns, R. F.; Daly, J. W.; Snyder, S. H. Adenosine receptors 
in brain membranes: Binding of NB-cy~lohexyl[~H]adenosine 
and 1,3-diethyl-8[3H]phenylsanthine. Proc. Natl. Acad. Sci. 
U.S.A. 1980, 77, 5547-5551. 

7 8 

Ib 1. <" 
AcO -QOAC 8 AH:PoH 10 

ACO (3.. C S R  ' 
' Reicllon condlllons: (a) HCICR, (PPh3),PdCI2, CUI, E13N In DYF, 80' C; (b) HCeCR, 
(PPhl),PdCIz. CUI, E13N In dioxane, room temperature; (e) concenlraled NH,OHidlorane, 
70 'C. 

agonists. However, only a few potent and/or selective A2 
receptor agonists have been reported. 2-(Pheny1amino)- 
adenosine (CV-1808) (1) was reported as a potent coronary 
vasodilator and confirmed as a selective A2 agonist.* 
NECA (N-ethyladenosin-5'-wonamide) (2) was also found 
to be a coronary vasodilator and a highly potent A2 agonist 
but not selective. Recently, more selective A2 agonists such 
as DPMA [M-[2-(3,5-dimethoxyphenyl)-2-(2-methyl- 
phenyl)ethyl]adenosine] (3),g CGS 21680 [2-[ [4-(2- 
carboxyethy1)phenethyll amino]-N-ethyladenosin-5'- 
uronamide hydrochloride] (4),1°J1 MPEA [2-[2-(4- 
methylphenyl)ethoxy]adenosine] (5),'2J3 and CGS 22492 
[2-[ (2-cyclohexylethyl)amino]adenosine] (6)14 shown in 
Chart I have been reported. 

Previously, we synthesized a series of 2-alkynyl- 
adenosines (2-AAs), some of which were potent inhibitors 

(7) Williams, M.; Braunwalder, A,; Erickson, T. E. Evaluation of 
the binding of the A-1 selective adenosine radioligand, cyclo- 
hexyladenosine (CPA), to rat brain tissues. Naunyn-Schmie- 
debergs Arc. Pharmacol. 1986,332,179-183. 

(8) Daly, J. W.; Jacobson, K. A.; Ukena, D. Adenosine receptors: 
Development of selective agonists and antagonists. In: Cor- 
diac Electrophysiology and Pharmacology of Adenosine and 
ATP. Basic and Clinical Aspects; Pellerg, A., Michelson, E. 
L., Dreifs, L. S., as.; Alan R. Lisa, Inc.: New York, 1987; p 
41-63. 

(9) Bridges, A. J.; Bruns, R. F.; Ortwine, D. F.; Priebe, S. R.; 
Szotek, D. L.; Trivedi, B. K. NB-[2-(3,5-Dimethoxyphenyl)-2- 
(2-methylpheny1)ethylladenosine and its uronamide deriva- 
tives. Novel adenosine agonists with both high affinity and 
high selectivity for adenosine Az receptor. J. Med. Chem. 1988, 

(10) Hutchison, A. J.; Webb, R. L.; Oei, H. H.; Ghai, G. R.; Zim- 
merman, M. B.; Williams, M. CGS 2168OC, an Az selective 
adenosine receptor agonist with preferential hypotensive ac- 
tivity. J. Pharmacol. Exp. Ther. 1989,251, 47-55. 

(11) Hutchison, A. J.; Williams, M.; de Jesus, R.; Yokoyama, R.; 
Oei, H. H.; Ghai, G. R.; Webb, R. L.; Zoganas, H. C.; Stone, G. 
A; Jarvis, M. F. 2-(Arylallrylamino)adenosin-5'-uro~d~: A 
new class of highly selective adenosine Az receptor ligands. J. 
Med. Chem. 1990,33,1919-1924. 

(12) Ueeda, M.; Thompson, R. D.; Arroyo, L. H.; Olseon, R. A. 
2-Alkoxyadenosinee; Potent and selective agonists at the cor- 
onary artery A2 adenosine receptor. J. Med. Chem. 1991,34, 

(13) Ueeda, M.; Thompson, R. D.; Arroyo, L. H.; Olsson, R. A. 
Aralkoxyadenosines: Potent and selective agonists at the 
coronary artery Az adenosine receptor. J. Med. Chem. 1991, 
34,1340-1344. 

(14) Francis, J. E.; Webb, R. L.; Ghai, G. R.; Hutchison, A. J.; 
Moskal, M. A.; ddesus, R.; Yokoyama, R.; Rovinski, S. L.; 
Contardo, N.; Dotson, R.; Barclay, B.; Stone, G. A.; Jarvis, M. 
F. Highly selective adenosine Az receptor agonists in a series 
of N-alkylated 2-aminoadenosines. J. Med. Chem. 1991,34, 
2570-2579. 
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Table I. Al and A2 Receptor Binding Activities of Adenosine Analogues in Rat Brain Tissues and Their Cardiovascular Effects in SHR 

Ki,O nM selectivity BP EDSO,) HR EDlo,' 
no. R Al A2 A l l  A2 r g l k  re1 k 
1 Oa 88 f 5.2 12 f 2.5 7 0.29 f 0.03 > 100 
10b 
1 oc 
1Od 
1Oe 
1 Of 
10e 
10h 
1 Oi 
lOj 
10k 
101 
1 Om 
1 On 
100 
10P 
1 oq 
1 Or 
10s 
lot 
1ou 
3 
4 

162 f 36 
136 i 15 
138 f 18 
208 f 26 
313 f 45 
>229 
701 f 13 
400 f 39 
11 f 1.8 
21 f 3.3 
27 i 2.5 
56 f 6.7 
15 f 2.1 
32 f 4.2 
16 f 1.9 
11 f 1.5 
3.4 f 0.5 
8.3 f 1.0 
126 f 8.8 
133 f 20 
108 f 10 
1232 f 95 

2.3 i 0.6 
3.4 1.1 
10 f 1.9 
6.5 f 1.8 
26 f 4.2 
46 i 7.6 
109 f 28 
37 f 4.3 
3.3 f 0.5 
0.9 f 0.2 
1.1 k 0.3 
1.9 f 0.5 
18 f 1.9 
19 f 2.1 
1.8 f 0.2 
2 i 0.3 
1.9 i 0.2 
20 f 2.2 
2.8 f 0.3 
7.9 f 1.8 
6.9 f 2.3 
8.8 f 1.2 

70 
40 
14 
32 
12 
>5 
6 
11 
3 
23 
25 
29 
0.8 
2 
9 
7 
2 
0.4 
45 
17 
15 
140 

0.05 f 0.001 
0.16 f 0.006 
0.36 f 0.06 
0.16 f 0.03 
0.48 f 0.09 
1.64 f 0.56 
10.1 f 2.4 
1.21 f 0.28 
0.07 f 0.01 
0.02 f 0.004 
0.02 f 0.001 
0.01 f 0.003 
0.15 f 0.01 
0.14 f 0.01 
0.04 f 0.01 
0.06 f 0.004 
0.05 f 0.003 
0.36 f 0.14 
0.11 f 0.03 
0.20 f 0.02 
12.3 f 1.6 
0.97 f 0.2 

>100 
>lo0 
> 100 
>lo0 
>lo0 
>lo0 
>lo0 
> 100 
1.6 f 0.2 
3.5 f 1.2 
5.6 f 0.9 
13 f 2.6 
0.8 f 0.1 
1.4 f 0.3 
0.83 f 0.2 
0.45 f 0.12 
1.3 f 0.03 
0.74 f 0.1 
67 i 6.8 
> 100 
> 100 
> 100 

"Inhibition constant for Al (rat brain membranes, [3H]CHA) or Az (rat striatal membranes, [3H]NECA receptor binding activities of 
agonists. Affinities for Al and Az receptors are means f SE of three separate experiments in triplicate. The Kd values for the binding of 
[3H]CHA and [3H]NECA were 1.24 f 0.11 and 4.47 f 0.53 nM, respectively. *Dose of compound which produced a 30% decrease in blood 
pressure of anesthetized SHR. CDose of compound which produced a 10% decrease in heart rate of anesthetized SHR. EDm and EDlo 
values are means k SE of four animals. 

of the passive cutaneous anaphylaxis reaction and had 
cardiovascular effects in normotensive rats.15 We also 
reported that 2-(l-hexyn-l-yl)adenosine (lot) and 241- 
octyn-l-ylladenosine (YT-146) (1011) are A2 selective 
agonists that have a potent and long-lasting antihyper- 
tensive effect in spontaneous hypertensive rats (SHR).I6 
Furthermore, we examined the SAR of a series of 2-US 
and identified the optimal chain length at the C-2 position 
for selective A2 binding affinity.17 Recently, Ueeda et 
al.12J3 proposed a model of the A2 receptor where phar- 
macological effects of a series of 2-(alkoxy)adenosines were 
examined. The experiment using Langendorf guinea pig 
heart preparations showed that 5 was highly selective for 
A2 receptors. Francis et al. have reported the SAR of 
N-alkylated 2-aminoadenosines, in which 6 is extremely 
A2 selective compound (530-f0ld).'~ However, the nature 
of regions in the A2 receptors has not been fully under- 
stood. This paper expands the mapping of C-2 regions of 
adenosine receptors by examining the SAR of 2-CAAs with 
respect to potency and selectivity of adenosine A1/A2 re- 
ceptor binding affiiity and cardiovascular effects in SHR 
and describes an improved method for the synthesis of 
2-AAs, especially 2-CUs and their hydroxyl derivatives. 
Results and Discussion 

Chemistry. Some of 2-AAs lOh,i,o-q were synthesized 
following published pro~edures. '~J~ Treatment of 2- 

Mat~uda, A.; Shin&, M.; Miyasaka, T.; Machida, H.; Abiru, 
T. Palladium-catalyzed cross-coupling of 2-iodoadenosine with 
terminal alkynes: synthesis and biological activities of 2-alk- 
ynyladenosines. Chem. Pharm. Bull. 1985,33,1766-1769. 
Abiru, T.; Yamaguchi, T.; Watanabe, Y.; Kogi, K.; Aihara, K.; 
Matsuda, A. The antihypertensive effect of 2-alkynyl- 
adenosines and their selective affinity for adenosine Az recep- 
tors. Eur. J. Pharmacol. 1991,1%,69-76. 
Matsuda, A.; Shinozaki, M.; Yamaguchi, T.; Homma, H.; No- 
moto, R.; Miyasaka, T.; Watanabe, Y.; Abiru, T. Nucleosides 
and Nucleotides. 103. 2-Alkynyladenosines: a novel class of 
selective adenosine Az receptor agonists with potent antihy- 
pertensive effeda. J. Med. Chem. 1992,35, 241-252. 

Scheme 11" 
b 

R(CHz),OH a R(CH21,Br - R(CH,).C=CH 
11s-c 12a.c 13a-c 

A 
a; c.CSHp 2 

b; c-C6H?I 2 

c; c-C6HII 3 

'Reaction conditions: (a) concentrated H2S04/ 48% HBr, reflux; 
(b) LiCiCH HzNCH2CHzNHz in DMSO, room temperature. 

iodoadenosine (8) with terminal alkynes, using catalytic 
amounts of bis(tripheny1phosphine)palladium dichloride 
and cuprous iodide (CUI) in NJV-dimethylformamide 
(DMF) and triethylamine at 80 "C for 1 h under argon 
atmosphere gave 2-AAs and their hydroxyl derivatives 10 
(method A). However, to obtain the pure products, 
treatment of the reaction mixture with hydrogen sulfide 
gas (Ha)  with subsequent purification on silica gel column 
chromatography was required because of chelation of 
metals between 6-NH2 and N7 of the adenine ring. To 
avoid such processes, we devised an improved procedure, 
which is outlined in Scheme I. 

Palladium-catalyzed cross-coupling reaction of 9- 
(2,3,5-tri-O-acetyl-l-~-~-ribofuranosyl)-6-chloro-2-iodo- 
purine (7), which is readily available in three steps from 
guanosine,17 with 1-octyne in dioxane at room temperature 
gave the corresponding 6-chloro-2-octyn-l-ylpurine nu- 
cleoside 9u in high isolated yield. This reaction proceeded 
smoothly at low temperature with little coloration, which 
is frequently observed in such reactions in DMF at high 
temperature. Cuprous iodide was easily removed by 
washing with aqueous solution of ethylenediaminetetra- 
acetic acid disodium salt without using H2S. Amination 
and deacetylation of 9u using concentrated NH40H in 
dioxane in sealed tube at 70 "C gave 1Ou in 86% yield from 
7 (method B). The IR, 'H NMR, and W data of 1Ou were 
identical to those described previ0us1y.l~ A number of 
2-CAAs was synthesized in two steps by this new route in 
75-85% yield (Table 11). The synthesis of the cyclo- 
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alkylalkynes such as 4-cyclopentyl-l-butyne, 4-cyclo- 
hexyl-1-butyne, and 5-cyclohexyl-1-pentyne (13a-c) was 
done by treatment of a lithium acetylide-ethylenediamine 
complex with proper cycloalkyl bromides (12a-c) (Scheme 
11). 

Adenosine Receptor Binding Activity. The Al 
binding assay was done in adenosine deaminase (ADA)- 
pretreated rat brain membranes (without cerebellum and 
brainstem) by measuring the ability of test compounds to 
displace [3H]CHA binding according to a previously de- 
scribed procedure,18 with m0difications.l6 The A2 binding 
assay was done in ADA-pretreated rat striatal membranes 
using [3H]NECA,18 with modifications.16 The results are 
summarized in Table I. 

A series of 2-CAAs 1Oa-g showed a substantial A2 se- 
lectivity. Of these analogues, 2-(3-cyclopentyl-l-propyn- 
1-y1)adenosine (lob) had the highest selectivity (70-fold) 
for A2 receptors with Ki values of 162 and 2.3 nM for AI 
and A2 receptors, respectively. These values are essentially 
similar to those of 2-(l-hexyn-l-yl)adenosine (lot), which 
we recently reported.16 Affinities of these 2-CAAs for 
receptor subtypes varied according to the number of 
methylene residues between the terminal cycloalkyl ring 
and the acetylenic bond in the side chain. Among com- 
pounds loa-, which have a cyclopentyl ring at the ter- 
minal position of the alkynyl side chain, lob had the most 
potent A2 activity, while it showed modest activity for Al 
receptors. Similarly, among the cyclohexyl analogues 
lod-g, 1Oe had the most A2 selectivity. In both series the 
maximum binding activity and selectivity for A2 receptors 
was observed when one methylene group separated the 
cycloalkyl ring from the acetylenic bond. Increases or 
decreases of this number reduced the activity. Similar 
effects on activity were observed when a bulky substituent 
was adjacent to the acetylenic bond as shown by 242- 
(trimethylsil yl) - 1-ethyn- 1-yl] adenosine" and the phenyl- 
ethynyl derivative 10h. Similarly, it was observed in the 
SAR of 2-alkoxyadenosines12 and N-alkylated 2-amino- 
aden~sines'~ that decrease or increase in the number of 
methylene group varied the affinity and selectivity for A2 
receptors. Therefore, a number of methylene groups is 
essential for potent A2 activity. 

Recently, Ueeda et al.1213 reported models of C-2 binding 
regions of adenosine Al and A2 receptors in SAR studies 
of 2-(alkoxy)adenosines. They proposed at least three 
subregions near the C-2 position for A2 receptors: (a) an 
X subregion that accommodates the oxygen atom that 
links the alkyl substituent to the adenine C-2, (b) an alkyl 
subregion, which follows the X subregion and is of very 
limited bulk tolerance, and (c) a hydrophobic subregion, 
which is a prominent feature only for A2 receptors, that 
accommodates cycloalkyl, bicycloalkyl, or phenyl rings. 
From our results together with previous observations, it 
is clear that there is the X subregion that accommodates 
U,  -NH-, and -C=C- groups at the C-2 position. The 
nature of the region together with the N' and N3 positions 
of the adenine ring has polar characteristics including 
hydrogen-bonding. The alkyl region can be tolerant of a 
linear alkyl substituent with one or two methylene groups. 
Two methylene groups are required for maximum affinity 
to the A2 receptor for the C-2 alkoxy12 and a l k y h i n ~ ~ ~ J ~  
derivatives but only one methylene for 2-CAAs. Therefore 
the total number of atoms or distance between the C-2 
position and the terminal substituent is most important. 
Although the presence of a hydrophobic subregion was 

(la) Bruns, R. F.; Lu, G. H.; Pugsley, T. A. Characterization of the 
A2 adenosine receptor labeled by [SH]NECA in rat striatal 
membranes. Mol. Pharmacol. 1986,29, 331-346. 
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proposed, adjacent to the alkyl subregion, it was not clear 
from our previous studies of a series of 2-AAs having linear 
alkyl substituents. However, it is now obvious that a region 
that accommodates the cyclopentyl or cyclohexyl rings is 
related to the hydrophobic subregion proposed. The cy- 
clopentyl derivative 10b had higher affmities to A2 re- 
ceptors than the cyclohexyl derivative lOe, and these re- 
lations are inverse to the potencies of 2-(cyclopentyleth- 
0xy)adenosine and 2-(cyclohexylethoxy)adenosine as seen 
in the report by Ueeda et aL1213 This inverse relations were 
also observed in the SAR of N-alkylated 2-amino- 
aden0~ines.l~ These differences can be explained as a 
consequence of the differences between the position of the 
distal groups at the C-2 position, since the side chain at- 
tached to the oxygen atom or nitrogen atoms is bent at the 
heteroatom in the 2-alkoxyadenosines and N-alkylated 
2-aminoadenosines, respectively, while the acetylenic bond 
in the 2-AAs is linear. The lower affinities of the phenyl 
derivatives 10h and 10i than those of the phenylalkoxy 
derivatives could be explained in a similar way. We pre- 
viously proposed that the shape of the C-2 substituent of 
2-alkynyladenosines may be linear,'7 but this study implies 
that the shape of the alkyl substituent could be like cy- 
cloalkanes when they bind to A2 receptors, because cy- 
clopentyl derivatives 10b have more potent A2 binding 
activity than lOu, with n-octynyl side chain, although they 
have a C-2 side chain with the same number of carbon 
atoms. This is supported by the SAR study of N-alkylated 
2-aminoadenosines in which a lipophilic side chain alone 
is not sufficient to produce strong binding affinity and the 
ring attached to the side chain plays an important role in 
the binding.14 Easentially, our results of 2-AAs and 2 - C h  
on A2 affinity support the receptor models proposed. 

We next investigated propargyl alcohol derivatives l0j-s 
for further structural requirements for the affinity and the 
subtype selectivity. Previously, we disclosed that the 
propargyl alcohol derivative 10s and ita ethers could be 
inversely important in binding to the Al re~ept0rs.l~ As 
can be seen from Table I, introduction of a hydroxyl group 
at the C-3" position potentiates both AI and A2 binding 
affinities compared to the corresponding 2-CAAs 1Oa and 
1Od. Although we degcribed above how the alkyl subregion 
is of limited bulk tolerance, a series of 2-AAs and 2-CAAs 
having a hydroxyl group at the (2-3" position instead favors 
steric bulk for binding to both receptors. Especially, 10r 
showed about 200- and 60-fold more potent affmities to 
AI and A2 receptors than those of 10h, respectively. From 
the viewpoint of increase in the selectivity to the receptor 
subtypes, introduction of the hydroxyl group is not ade- 
quate, but 10k is one of the most potent agonists so far 
known. These suggest that in addition to the three su- 
bregions described above there is another polar subregion 
adjacent to the alkyl subregions in both receptors. 

Antihypertensive Activity. The potency of test com- 
pounds to decrease blood pressure (BP) and heart rate 
(HR) were compared in SHR. The relative potency to 
decrease BP was estimated on the basis of the EDm value, 
the mean dose that produced a 30% decrease in BP. 
Similarly, the relative potency to decrease HR was esti- 
mated on the basis of the EDlo value, the mean dose that 
produced a 10% decrease in HR. Some compounds were 
examined for antihypertensive effects by oral adminis- 
tration in conscious SHR. 

A series of 2-CAAs 1Oa-g showed a potent hypotensive 
effect without showing a marked HR decrease in doses 
lower than 100 Fg/ kg in intravenous (iv) administration 
(Figures 1 and 2). These compounds produced a weak 
tachycardia at the doses lower than 10 pg/kg. However, 
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Figure. 1. Effecta of 2-(cyclopenty~yl)adenosines and other 
2-substituted adenosines on mean blood pressure (MBP) in an- 
esthetized male SHR. Each compound waa administered iv in 
a cumulative manner at 5-min intervals. Values are means f SE 
of four animals. 
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Figure 2. Effects of 2-(cyclohexylalkynyl)adenosines on MBP 
in anesthetized male SHR. Each compound was administered 
iv in a cumulative manner at 5-min intervals. Values are means 
f SE of four animals. 

the increase and decrease in HR caused by these com- 
pounds were within 6% (data not shown). The EDm value 
for BP and EDlo value for HR of each compound are 
shown in Table I. Compound lob, which was the most A2 
selective in the series, had the most potent hypotensive 
effect and was 17- and 240-fold more potent than those 
of 4 and 3, respectively, which are currently the gold 
standards as A2 agonists. Compound 6 has been reported 
to be an extremely A2 selective agent and showed a hy- 
potensive effect accompanied by a marked tachycardia, 
which may result from its extremely low Al affinity.14 On 
the other hand, the tachycardia caused by 2-CA.h were 
weaker than that of 6, since Al affinities of 2 - c U s  were 
much higher than that of 6. Generally, hypotensive effeds 
of these nucleosides paralleled affinities for the A2 recep- 
tors. 

Although 2-cAAs with a hydroxyl group at  the (2-3'' 
position l0j-s showed a highly potent hypotensive effect 
in iv administration, a marked HR decrease was also ob- 
served at doses more than 1 pg/kg as shown in Figure 3. 
Doseresponse curves of these compounds for decreases 
in BP showed two phases; Le., the first phase reached a 
plateau at a dose as high as 0.3 yg/kg with a 50430% 
decrease in BP and the second phase showed further de- 
creases in BP, up to 70-80% at doses more than 3 pg/kg. 
The decrease in BP observed in the second phase is 
thought to be caused by the depression of the heart via 
the Al receptor activation, since lOj-m had potent affin- 
ities for Al receptors. It has been known that the adeno- 
sine-induced decrease in BP and HR are mediated via A2 
and Al receptors, respectively. In this study, there was a 
positive correlation between the A2 activity and decreases 
in the BP of tested compounds (r = 0.79, p C 0.001) and 
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Figure 3. Effects of 2-[2-(l-hydroxycycloalkyl)-l-ethyn-l-yl]- 
adenosines and 1Ou on MBP and HR in anesthetized male SHR. 
Each compound waa administered iv in a cumulative manner at 
5-min intervals. Values are means f SE of four animals. 

200 1 

I I A 
5 0 L b  1 3 5 7 

550 k 

I 0 I I 
1 3 5 7 

350 l', 
Time after administration (hr) 

Figure 4. Antihypertensive effects of a single oral administration 
of 10b (0.1 mg/kg, 0; 0.3 mg/kg, A: 1 mg/kg, m) on systolic blood 
pressure and heart rate in conscious male SHR. Values are means 
f SE of five animals. Significantly different from corresponding 
values of predose at  p < 0.05 (*). 

between the AI activity and decreases in the HR (r = 0.62, 
p < 0.05) among compounds of which the EDlo is lower 
than 100 pg/kg. The potencies of 3 and 4 for the hypo- 
tensive effects were weaker than those of 2-cMs, even 
though they had similar degrees of A2 affinities to those 
nucleosides loa, 10d, and 1Oi. Hence, it is possible that 
hypotensive effects induced by 2-C& may involve some 
other mechanism than direct A2 receptor activation. 

In the next experiment, the antihypertensive effect of 
lob, which had a potent hypotensive effect in iv admin- 



2258 Journal of Medicinal Chemistry, 1992, Vol. 35, No. 12 Abiru et al. 

Table 11. 2-CAAa and Their Congeners 
synthetic crystn IR (KBr) 

no. R method yield," % mp,OC solvent ( v d ,  cm-' formulab 
loa c-C6Hg B 77 127-133 EtOH/H20 2230 C17H21NSOCH20 
10b c-CgHgCH2 B 80 125-127 EtOH/HZO 2230 C18HlsN604*2/3H20 

1od C-C&11 B 77 135-141 EtOH/H20 2220 Cl&lsN604'H20 

10f C-CSH~~(CH~)Z B 77 104-111 EtOH/H20 2240 C&27NS04*2/3H20 

10h Ph A 87 146-147 CHC13 2210 Cl&17Nt.04'H20 

1Oi Ph(CH2)Z A 55 115-120 EtOH/H20 2230 C&21N604'1/2H20 
lOj c-CsH8(OH) B 80 138-144 EtOH/H20 2230 C17HZlNSOS*H20 
10k c-C#i,(OH) B 79 142-147 EtOH/H20 2230 Cl&lsN606'H20 
101 c-C~H~~(OH) B 79 foam 2230 ClSHdSO6.HZ0 

100 (CHS)~(OH)C A 50 142-147 MeOH 2250 C1.&Il&606'H20 
lop CH3(CH2)2(OH)CH A 58 167-169 MeOH 2230 Cld%lN606 

1 0 ~  c-C.&Ig(CHz)z B 75 108-114 EtOH/H20 2235 ~ I & z ~ N ~ . O I ' ~ / S H Z ~  

1Oe c - C ~ H ~ ~ C H ~  B 75 97-103 EtOH/H20 2235 CI~HZ~NSOC'/~H~O 

log c-CgHii(CH2)~ B 77 117-127 EtOH/H20 2230 CziHdsO4.H20 

10m c-CeH14(OH) B 79 foam 2230 C&~NSO~.~/~HZO 

1Oq CHS(CHZ),(OH)CH A 60 177-179 EtOAc 2230 CleHZ€"OS 
1 0 ~  CHS(CH2)S B 86 101-103 EtOH/H20 2230 ~ l e H 2 S N 6 0 4 ~ ' / ~ 2 0  

"Overall yields from 7. bAU compounds had satisfactory C, H, and N microanalytical data within &0.4% of the theoretical value. 

istration, was investigated in oral administration in con- 
scious SHR. Oral administration of 10b at a dose of 0.1, 
0.3, or 1 mg/kg decreased systolic blood pressure of SHR 
dose-dependently as shown in Figure 4. The duration of 
the antihypertensive effect of this compound was main- 
tained for at  least 7 h after administration. Compound 
10b caused a significant tachycardia at 1 or 3 h after the 
oral administration, but it recovered thereafter. Thus, 
2 - c f i s  are promising as antihypertensive agents that 
should be considered for further detailed preclinical 
evaluation. 

In conclusion, 2 - C u s  were A2 selective adenosine 
agonists. In the C-2 binding region of adenosine, com- 
pounds often have potent and/or selective A2 activity from 
introduction of an acetylenic group at the C-2 position 
followed by one methylene residue further followed by a 
hydrophobic substituent such as a cycloalkyl ring at the 
terminal position of the alkynyl side chain. Above all, 
2-(3-cyclopentyl-l-propyn-l-yl)adenosine (lob) showed 
70-fold A2 selectivity and potent antihypertensive activity 
in both iv and oral administration. Introduction of a hy- 
droxyl group into the (2-3'' position of the alkynyl side 
chain increased the affinity for both receptor subtypes, 
while it also produced a potent HR decreasing effect by 
the increase in the AI affinity. 

Experimental Section 
Melting points were measured on a Yamato MP-21 melting 

point apparatus and are uncorrected. Elemental analyses were 
done at Yanaco MT-5. The 'H NMR spectra were recorded on 
a JEDL GSX-400 (400 M H z )  spectrometer with tetramethylsilane 
as an internal standard. Chemical shifts are reported in parts 
per million (a) ,  and signals are expreesed as s (singlet), d (doublet), 
t (triplet), q (quartet), m (multiplet), or br (broad). All ex- 
changeable protons were detected by addition of DzO. UV ab- 
sorption spectra were recorded with a Shimadzu UV-16OA 
spectrophotometer. IR spectra was recorded with Hitachi 260-50 
spectrometer with KBr pellets. TLC was done on Merck Kieaelgel 
F254 precoated plates. The silica gel used for column chroma- 
tography was Merck Kieselgel60 (70-230 mesh). All acetylene 
compounds except for 4-cyclopentyl-1-butyne (13a), 4-cycle 
hexyl-1-butyne (13b), and 5-cyclohexyl-1-pentyne (13c) were 
purchased from Hydrus Chemical Co. Physical and analytical 
data for the compounds loa-u were shown in Table 11. 
General Method for the Preparation of 2-AAs (lOh,i,y). 

Compound 8 (393 mg, 1 mmol), CUI (9.5 mg, 0.05 mmol), bis- 
(tripheny1phosphine)palladium dichloride (36 mg, 10 mol %), 
triethylamine (0.16 mL, 1.2 mmol), and terminal alkyne (1.2 equiv 
of phenylacetylene, 4-phenyl-l-butyne, 2-methyl-3-butyn-2-01, 
1-hexyn-3-01, or 1-octyn-3-01) in DMF (7 mL) was heated at 80 
"C for several hours under an argon atmoephere. After the starting 

material was completely consumed, judged by TLC (CHCla/EtOH 
= 101, v/v), the reaction mixture was concentrated to dryness 
under reduced pressure. The residue was diesolved in CHCh, and 
Hfi gas was introduced to the solution (-30 s) followed by N2 
gas. The supemion was iilt8red through a Celite pad and washed 
with CHC13. The combined fiitrate and washings were concen- 
trated to dryness in vacuo, and the residue was p d e d  by a ailica 
gel column using an appropriately mixed MeOH-CHC18 solvent 
system. 
2-(Phenylethyn-l-yl)adenosine (10h). Compound 10h (373 

mg, 97%) was obtained from 8 with phenylacstylene: W (H2O) 
A- 261 nm (23000), 285 (20800), 304 (19OOO), X ,  239 (17 loo), 
275 (19400), 293 (18800); W (0.05 N HC1) A- 274 nm (16600), 

(2 H, m, H-5'a,b), 4.03 (1 H, m, H-4'), 4.19 (1 H, dd, H-3'), 4.58 
(1 H, t, H-2'),5.93 (1 H, d, H-l'), 7.42 (2 H, br 8, NHJ, 7.45-7.67 
(5 H, m, Ph), 8.49 (1 H, s, H-8). 
2-(4-Phenyl-l-butyn-l-yl)adenosine (101). Compound 101 

(240 mg, 61%) was obtained from 8 with Cphenyl-1-butyne: W 
(H20) A- 270 nm (14 500), 287 sh (9900), & 247 nm (7300); 
W (0.05 N HCI) X, 271 nm (16000),295 (11700), X ,  247 (7300), 

H, t, PhCH2), 3.54-3.69 (2 H, m, Hd'a,b), 3.95 (1 H, m, H-49, 

(5 H, m, Ph), 7.42 (2 H, br s, NHz), 8.40 (1 H, a, H-8). 
2-(3-Hydrosy-3-methyl-l-butyn-l-yl)adenosine (100). 

Compound 100 (190 mg, 55%) was obtained from 8 with 2- 
methyl-3-butynd-ol: W (H20) A- 270 nm (143001,289 ( em) ,  
& 245 (6200), 281 (9500); W (0.05 N HC1) A- 271 nm (15500), 

(6 H, 8, Me), 3.40-3.69 (2 H, m, H-5'a,b), 3.94 (1 H, m, H-4'),4.12 
(1 H, dd, H-3'),4.48 (1 H, t, H-2'),5.13-5.17 (2 H, m, OH X 2), 

7.44 (2 H, br s, NH,), 8.41 (1 H, a, H-8). 
2-(3-Hyclroxy-l-he~-l-yl)adenosine (lop). Compound 1Op 

(235 mg, 64%) was obtained from 8 with 1-hexyn-sol: W (H20) 
A- 265 sh nm (14100), 270 (14500), 289 (9900), X ,  246 (7600), 
282 (9700); W (0.06 N HC1) A- 265 sh nm (125001,272 (14000), 

(3 H, t, Me), 1.33-1.76 (4 H, m, CH2), 3.58 2 H, m, H-S'a,b), 3.95 
(1 H, m, H-4'), 4.12 (1 H, dd, H-3'). 4.48 (1 H, t, H-29, 5.86 (1 
H, d, H-l'), 7.44 (2 H, br 8, NHz), 8.41 (1 H, 8, H-8). 
2-(3-Hydroxy-l-octyn-l-yl)adenosine (LOq). Compound lOq 

(260 mg, 67%) was obtained from 8 with l-octyn-3-ol: W (HzO) 
A- 270 nm (138001,289 (95001, & 245 (6500),281 (9400); W 
(0.05 N HCl) A- 271 nm (15000), 294 (lOsoO), X ,  246 (67001, 
282 (9900); NMR (DMSO-@ 6 0.88 (3 H, t, Me), 1.24-1.67 (8 H, 
m, CH2), 3.53-3.69 (2 H, m, Hd'a,b), 3.95 (1 H, m, H-4'), 4.12 
(1 H, dd, H-3'),4.51 (1 H, dd, H-2'),5.15-5.17 (2 H, m, OH X 2), 

H, br s, NH3, 8.41 (1 H, s, H-8). 
Synthesis of Bromoalkylcycloalkanes. A mixture of 2- 

cyclopentylethanol (Ila) (5.0 g, 44 mmol), concentrated H2SO4 
(1.9 mL), and HBr (48%, 11.2 g) was heated under reflux for 6 

320 (21300), X ,  ( l o w ) ,  291 (12400); NMR (DMSO-ds) 8 3.67 

284 (10700); NMR (DMSO-de) 8 2.71 (2 H, t, CWCH,), 2.87 (2 

4.13 (1 H, dd, H-3'),4.54 (1 H, t, H-W, 5.85 (1 H, d, H-l'),7.20-7.33 

294 (10700), X ,  246 (Ssoo), 283 (9800); NMR (DMSO-@ 8 1.46 

5.45 (1 H, d, OH), 5.55 (1 H, 8, C N C O H ) ,  5.87 (1 H, d, H-l'), 

297 (9900). X ,  247 (57001,283 (Ssoo); NMR (DMSO-de) 6 0.92 

5.45 (1 H, d, OH), 5.50 (1 H, d, OH), 5.86 (1 H, d H-l'), 7.44 (2 
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h. The cooled mixture was diluted with CHCls, and the whole 
waa waehed several ti" with H20. The separated organic phase 
was dried (Na#04), and the solvent was removed in vacuo. The 
multing oil was distilled under vacuum to give 12a (5.6 g, 72%): 
bp 77 "C (16 mmHg); NMR (DMSO-d,) 6 1.67-1.91 (11 H, m, 
cyclopentyl-CH2), 3.51 (2 H, t, CH2Br). In the case of 2-cycle 
hexaneethanol (llb) (10 g, 78 "01) or 1-cyclohexyl-3-propanol 
(llc) (10 g, 70.3 mmol), a mixture with concentrated H 8 0 4  (3.8 
mL) and HBr (48%, 22.3 g) was heated under reflux for 7 h. A 
similar workup and distillation gave 12b (10.4 g, 70%) [bp 78-79 
"C (3 mmHg); NMR (DMSO-I,) b 0.87-1.72 (13 H, m, cyclo- 
hexyl-CHZ), 3.54 (2 H, t, CHar)] or 12c (10.8 g, 75%) [bp 114-124 
"C (3 " H g ) ;  NMR (DMSO-d,) 6 0.85-1.83 (15 H, m, cycle 
hexyl-CHzCH,), 3.50 (2 H, t, CH2Br)], respectively. 
Synthesis of Cycloalkylalkylacetylenes. Compound 12a 

(5.2 g, 29.4 mmol) was added to a solution of lithium acetylide 
ethylenediamine complex (1.1 equiv) in DMSO (10 mL) at 0 "C 
under argon. After the mixture was stirred for 5 h at room 
temperature, H20 was added. The mixture was extracted with 
CHC13, washed with H20, and dried (Na,S04). The solvent was 
removed in vacuo and the oil was distilled under vacuum to give 
13a (2.1 g, 59%): bp 56-59 "C (20 mmHg); IR (KBr) 2115 cm-'; 
NMR (DMSO-d,) 6 1.02-2.16 (13 H, m, cyclopentyl-CH2CH2), 
2.71 (1 H, t, C-CH). 4-Cyclohexyl-1-butyne (13b) and 5-cycle 
hexyl-1-pentyne (1%) were obtained similarly from 12b and 12c, 
respectively. 13b (4.3 g, 60%): bp 30 "C (3 mmHg); IR (KBr) 
2115 cm-'; NMR (DMSO-de) 6 0.83-2.17 (16 H, m, cyclohexyl- 

mmHg); IR (KBr) 2115 cm-'; NMR (DMSO-d6) b 0.83-2.14 (17 
H, m, cyclohexyl-CH2CH2CH2), 2.71 (1 H, t, C W H ) .  
General Method for the Preparation of 9a-g,j-m,u. A 

mixture of 7 (540 mg, 1 mmol), CUI (9.5 mg, 0.05 mmol), bis- 
(tripheny1phoephine)palladium dichloride (18 mg, 5 mol %), 
triethylamine (0.16 mL, 1.2 mmol), and 1-octyne (0.18 mL, 1.2 
mmol) in 1,4-dioxane (10 mL) was stirred for 2 h at room tem- 
perature under argon (judged by "LC; CHC&/E%OAc = 41, v/v). 
The solvent was removed in vacuo and the residue dissolved in 
CHC13 (50 mL) and triethylamine (0.1 mL), which was washed 
with saturated aqueous ethylenediaminetetraamtic acid disodium 
salt (2 X 10 mL) and brine (20 mL). The separated organic phase 
was dried (Na#04) and the solvent was removed in vacuo. The 
residue was purified by a silica gel column with CHC13/EtOAc 
(41) to give 9u (490 mg, 95%) as au oil: IR (KBr) 2235 an-'; NMR 
(CDCIS) 6 0.90 (3 H, t, Me), 1.30-1.71 (8 H, m, CHz), 2.08 (3 H, 

4.41 (2 H, m, H-5'a,b), 4.47 (1 H, dd, H-4'),5.57 (1 H, dd, H-39, 
5.80 (1 H, t, H-2'),6.33 (1 H, d, H-1'), 8.31 (1 H, 8, H-8). Com- 
pounds 9a-gj-m were prepared similarly. 
9-(2f,S-Tri-0-acetyl-l-~-~-ribofuranosyl)-6-chloro-2-(2- 

cyclopentyl-l-ethyn-1-y1)purine (9a). From 7 with cyclo- 
pentylacetylene (0.14 mL, 1.2 mmol) for 1 h, 430 mg of 9a (85% 
as an oil) was obtained IR (KBr) 2240 cm-'; NMR (CDCIS) 6 
1.61-2.14 (8 H, m, c-CSHg), 2.08 (3 H, s, Ac), 2.16 (3 H, 8, Ac), 
2.17 (3 H, 8, Ac), 2.90 (1 H, t, C d C H ) ,  4.40-4.42 (2 H, m, 
H-S'a,b), 4.46 (1 H, dd, H-49, 5.58 (1 H, dd, H-39, 5.80 (1 H, t, 

+(2~~-Tri-O-acetyl-l-8-~-ribofuranosyl)-6-chloro-2-(3- 
cyclopentyl-1-propyn-1-y1)purine (9b). From 7 with 3- 
cyclopentyl-1-propyne (0.16 mL, 1.2 mmol) for 1 h, 480 mg of 9b 
(92% as an oil) was obtain& IR (KBr) 2240 cm-'; NMR (CDCld 
6 1.33-2.23 (11 H, m, c-Cs&), 2.08 (3 H, s, Ac), 2.16 (3 H, s, Ac), 
2.17 (3 H, 8, Ac), 2.49 (2 H, t, W C H 2 ) ,  4.41 (2 H, m, H-5'a,b), 

9-(2f$-Tri-0 -acetyl- l-~-~-ribofuranosyl)8-chloro-2-(4- 
cyclopentyl-1-butyn-1-y1)purine (9c). From 7 with 4-cycle 
pentyl-1-butyne (13a) (0.15 mL, 1.2 mmol) for 1 h, 460 mg of 9c 
(86% as an oil) was obtain& IR (KBr) 2240 cm-'; NMR (CDClJ 
6 1.10-1.97 (11 H, m, c-Cs&), 2.08 (3 H, s, Ac), 2.16 (3 H, 8, Ac), 
2.17 (3 H, 8, Ac), 2.50 (2 H, t, C=CCH2), 4.41 (2 H, m, H-5'a,b), 

9-(2,3,5-Tri-O -acetyl- l-~-~-ribofuranoeyl)-6-ch~oro-2-(2- 
cyclohexyl-l-ethyn-1-y1)purine (9d). From 7 with cyclo- 
hexylacetylene (0.15 mL, 1.2 mmol) for 1 h, 480 mg of 9d (92% 
as an oil) was obtained IR (KBr) 2240 cm-'; NMR (CDClJ 6 

CH2CH2), 2.69 (1 H, t, W H ) .  13c (4.3 g, 59%): bp 50 "C (3 

8, Ac), 2.17 (3 H, 8, Ac), 2.18 (3 H, S, Ac), 2.49 (2 H, t, W C H z ) ,  

H-2'), 6.32 (1 H, d, H-l'), 8.30 (1 H, S, H-8). 

4.47 (1 H, dd, H-4'), 5.58 (1 H, dd, H-3'), 5.81 (1 H, t, H-2'),6.31 
(1 H, d, H-1'). 8.30 (1 H, 8, H-8). 

4.47 (1 H, dd, H-4'), 5.57 (1 H, dd, H-3'),5.81 (1 H, t,  H-2'),6.32 
(1 H, d, H-l'), 8.31 (1 H, 8, H-8). 
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2.17 (3 H, 8, Ac), 2.66 (1 H, t, C=CCH), 4.41 (2 H, m, Hd'a,b), 
1.36-1.97 (10 H, m, C-C,H11), 2.09 (3 H, 8, Ac), 2.16 (3 H, S, Ac), 

4.46 (1 H, dd, H-4'),5.59 (1 H, dd, H-3'),5.81 (1 H, t, H-2'),6.31 
(1 H, d, H-l'), 8.30 (1 H, 8, H-8). 
9-(2$,S-Tri-O -acetyl-l-8-~-ribofuranosyl)-6-chloro-2-(3- 

cyclohexyl-1-propyn-1-y1)purine (9e). From 7 with 3-cycle 
hexyl-1-propyne (0.17 mL, 1.2 mmol) for 1 h, 450 mg of 9e (84% 
as an oil) was obtained IR (KBr) 2240 cm-'; NMR (CDCl,) 6 
1.0-2.0 (11 H, m, c-C&), 2.08 (3 H, s, Ac), 2.16 (3 H, 8, Ac), 2.17 
(3 H, 8, Ac), 2.38 (2 H, t, C d C H 2 ) ,  4.41-4.42 (2 H, m, H-S'a,b), 
4.47 (1 H, dd, H-4'),5.58 (1 H, dd, H-3'),5.81 (1 H, t, H-2'),6.31 
(1 H, d, H-1'), 8.30 (1 H, S, H-8). 
9-(2,3,5-Tri-0-acetyl-l-8-~-ribofuranosyl)-6-chloro-2-(4- 

cyclohexyl-1-butyn-1-y1)purine (9f). From 7 with 3-cycle 
hexyl-1-butyne (13b) (0.16 g, 1.2 mmol) for 1 h, 490 mg of 9f (89% 
as an oil) was obtained: IR (KBr) 2240 cm-'; NMR (CDClJ b 

2.17 (3 H, 8, Ac), 2.49 (2 H, t, C d C H 2 ) ,  4.41 (2 H, m, H-5'a,b), 

9-(2f,S-Tri-O-acetyl-l-8-~-ribofuranosyl)-6-chloro-2-(S- 
cyclohexyl-1-pentyn-1-y1)purine (9g). From 7 with 5-cycle 
hexyl-1-pentyne (13c) (0.18 g, 1.2 mmol) for 1 h, 510 mg of 9g 
(91% as an oil) was obtain& IR (KBr) 2235 cm-'; NMR (CDCls) 
6 0.84-1.72 (15 H, m, c-C&IllCH2CH2), 2.08 (3 H, 8, Ac), 2.16 (3 
H, 8, Ac), 2.17 (3 H, 8, Ac), 2.46 (2 H, t, (==--CCH2), 4.41 (2 H, m, 
H-S'a,b), 4.47 (1 H, dd, H-49,5.57 (1 H, dd, H-39,5.80 (1 H, t, 

94 2,3,5-Tri-0 -acetyl- 1-8-~-ribofuranosyl)-6-chloro-2-[ 2- 
(l-hydmxycyclopentyl)-l&hyn-l-yl]~urine (9j). From 7 with 
1-ethynyl-1-cyclopentanol (0.14 mL, 1.2 "01) for 1 h, 450 mg 
of 9j (86% as an oil) was obtained: IR (KBr) 2235 cm-'; NMR 
(CDClJ 6 1.77-1.94 (8 H, m, c-CSH8), 2.09 (3 H, 8, Ac), 2.13 (3 
H, 8, Ac), 2.18 (3 H, s, Ac), 2.85 (1 H, 8, OH), 4.43-4.52 (3 H, m, 
H-4', 5'a,b), 5.72 (1 H, dd, H-39, 5.90 (1 H, t, H-29, 6.22 (1 H, 

9-(2,3,5-Tri-O -acetyl-l-8-~-ribofuranosyl)-6-chloro-2-[2- 
(1-hydmxycycloheryl)-l-ethyn-l-yl]~urine (9k). From 7 with 
1-ethynyl-1-cyclohexol(O.15 g, 1.2 "01) for 1 h, 500 mg of 9k 
(93% as an oil) was obtain& IR (KBr) 2230 cm-'; NMR (CDClJ 
6 1.64-2.13 (10 H, m, c-C&I,), 2.10 (3 H, 8, Ac), 2.12 (3 H, 8, Ac), 
2.17 (3 H, 8, Ac), 2.90 (1 H, 8, OH), 4.46-4.51 (3 H, m, H-4', 5'a,b), 

0.88-1.77 (13 H, m, C-CsHil), 2.08 (3 H, 8, Ac), 2.16 (3 H, 8, Ac), 

4.47 (1 H, dd, H-4'), 5.57 (1 H, dd, H-3'),5.80 (1 H, t, H-2'), 6.32 
(1 H, d, H-1'), 8.31 (1 H, S, H-8). 

H-23, 6.33 (1 H, d, H-l'), 8.31 (1 H, S, H-8). 

d, H-l'), 8.28 (1 H, S, H-8). 

5.75 (1 H, dd, H-3'),5.89 (1 H, t, H-2'),6.21 (1 H, d, H-l'), 8.26 
(1 H, 8, H-8). 
9-(2,3,S-Tri-O -acetyl-l-8-~-ribofuranosyl)-6-chloro-2-[2- 

(l-hydmxycycloheptyl)-l&~-l-yll~~e (91). From 7 with 
1-ethynyl-1-cycloheptanol (0.17 g, 1.2 mmol) for 1 h, 500 mg of 
91 (91% as an oil) was obtained IR (KBr) 2230 cm-'; NMR 
(CDC13) 6 1.64-2.16 (12 H, m, c-C7HI2), 2.10 (3 H, a, Ac), 2.12 (3 
H, s, Ac), 2.17 (3 H, 8, Ac), 2.82 (1 H, 8, OH), 4.44-4.52 (3 H, m, 
H-4', 5'a,b), 5.75 (1 H, dd, H-39, 5.90 (1 H, t, H-29, 6.21 (1 H, 

9-(2,3,5-Tri- 0 -acetyl-l-~-~-ribofuranosyl)-6-chloro-2-[2- 
(1-hydmxycyclooctyl)-l-ethyn-l-yl]purine (9m). From 7 with 
1-ethynyl-1-cyclooctmol(O.18 g, 1.2 "01) for 1 h, 500 mg of 9m 
(89% as an oil) was obtain& IR (KBr) 2230 an-'; NMR (CDClJ 
6 1.52-2.14 (14 H, m, c-C&I14), 2.10 (3 H, 8, A d ,  2.12 (3 H, 8, Ac), 
2.17 (3 H, 8, Ac), 2.65 (1 H, 8, OH), 4.44-4.51 (3 H, m, H-4', 5'a,b), 

d, H-l'), 8.27 (1 H, 8, H-8). 

5.75 (1 H, dd, H-3'),5.89 (1 H, t, H-2'),6.20 (1 H, d, H-l'), 8.25 
(1 H, 8, H-8). 
Conversion of 9 into 10. A solution of 9u (490 mg, 0.95 "01) 

in concentrated NH40H (30 mL) and l,4-dioxane (60 mL) in a 
steel sealed tube was heated at 70 "C for 20 h. The solvent was 
removed in vacuo and the residue was purified by a silica gel 
column with CHC13/MeOH (51) to give 2-(1-octyn-l-yl)adenoaine 
(lOu, 320 mg, 90%): mp 101-103 "C (lit." mp 101-103 "C). 

Similarly Sa-gj-m were converted into loa-gj-m. 
2-(2-Cyclopentyl-l-ethyn-l-yl)adenosine (loa). From 9a 

(430 mg, 0.85 mmol), 1Oa (280 mg, 91%) was obtained: W (HZO) 
A- 270 nm (15900), 286 sh (llOOO), Ami, 247 (8000); UV (0.06 
N HCl) S, 272 nm (17000), 290 sh (120001, k- 247 (7500); NMR 
(DMSO-de) d 1.56-1.99 and 2.82-2.86 (9 H, m, c-CsH9), 3.52-3.70 
(2 H, m, H-5'a,b), 3.95 (1 H, dd, H-4'),4.12 (1 H, dd, H-3'),4.52 
(1 H, dd, H-2'),5.18 (1 H, d, 2'- or 3'-OH), 5.22 (1 H, t, 5'-OH), 
5.45 (1 H, d, 2'- or 3'-OH), 7.41 (2 H, br 8, NH,), 8.38 (1 H, 8, H-8). 
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2-(3-Cyclopentyl-l-propyn-l-yl)adenosine (lob). From 9b 

271 nm (lam), 286 ah (10500), A- 246 (Ssoo); W (0.05 N HCl) 
A- 272 (167001,293 (12000), A,,,,,, 248 (Ssoo), 284 (11600); NMR 
(DMSO-@ 6 1.2%2.10 (9 H, m, c-CS&), 2.40 (2 H, d, M C H z ) ,  
4.12 (1 H, dd, H-3’),4.53 (1 H, dd, H-2‘), 5.12 (1 H, d, 2’- or 3’-OH), 
5.25 (1 H, t, 5’-OH), 5.41 (1 H, d, 2’- or 3’-OH), 5.88 (1 H, d, H-l’), 
7.36 (2 H, br s, NHz), 8.39 (1 H, s, H-8). 
2-(4-Cyclopentyl-l-butyn-l-yl)adenosine (1Oc). From 9c 

270 nm (14300), 286 sh (9400), h 246 (7200); UV (0.05 N 
HC1) A- 271 nm (16300), 290 (low), A- 245 nm (7700); “Et 
(DMSO-d6) 6 1.09-1.95 (11 H, m, c-CsHgCHz), 2.40 (2 H, t, C= 
CCH2), 3.53-3.68 (2 H, m, H-B’a,b), 3.95 (1 H, dd, H-4’),4.15 (1 
H, dd, H-3’), 4.53 (1 H, dd, H-2’), 5.16 (1 H, d, 2’- or 3’-OH), 5.21 
(1 H, t, 5’-OH), 5.43 (1 H, d, 2’- or 3’-OH), 5.85 (1 H, d, H-l’), 
7.41 (2 H, br 8, NHZ), 8.38 (1 H, 8, H-8). 
2-(~clohexyl-l-et~-l-yl)adenosine (lod). F” 9d (480 

270 nm (14700), 285 sh (low), X ,  246 (6900); W (0.05 N HC1) 

3.54-3.68 (2 H, m, Hd’a,b), 3.95 (1 H, dd, H-4’),4.12 (1 H, dd, 
H-3’),4.51(1 H, dd, H - a ,  5.86 (1 H, d, H-1l7.43 (2 H, br 8, NHd, 

2-(3-Cyclohexyl-l-propyn-l-yl)adenosine (1Oe). From 9e 

A, 270 nm (13700), 286 sh (9500), h 246 (6200); W (0.05 N 
HCl) A, 272 nm (15400), 292 (10700), A- 247 (6200), 285 
(10600); NMR (DMSO-d6) 6 1.02-1.83 (11 H, m, c-CgHl1), 2.31 
(2 H, d, C+CHz), 3.53-3.68 (2 H, m, H-5’a,b), 3.95 (1 H, dd, 

or 3’-OH), 5.23 (1 H, t, 5’-OH), 5.45 (1 H, d, 2’- or 3’-OH), 5.85 
(1 H, d, H-l’), 7.41 (2 H, br 8, NHz), 8.38 (1 H, 8, H-8). 
2-(4-Cyclohexyl-l-butyn-L-yl)adenosine (1Of). From 9f (490 

mg, 0.89 mmol), 10f (310 mg, 86%) was obtained: UV (H20) A- 
270 nm (14600), 285 sh (10200), A,,,,,, 246 (Ssoo); W (0.05 N HCl) 
A, 272 nm (17000), 288 sh (11500), A- 247 (7200); NMR 
(DMSO-d6) S 0.87-1.76 (13 H, m, c-C6HllCHz), 2.41 (2 H, t,  
W C H z ) ,  3.53-3.68 (2 H, m, Hd’a,b), 3.95 (1 H, dd, H-4’),4.12 
(1 H, dd, H-3’),4.53 (1 H, dd, H-2’),5.16 (1 H, d, 2’- or 3’-OH), 
5.22 (1 H, t, 5’-OH), 5.44 (1 H, d, 2’- or 3’-OH), 5.85 (1 H, d, H-1% 
7.41 (2 H, br 8, NHz), 8.38 (1 H, s, H-8). 
2-(5-Cyclohexyl-l-pentyn-l-yl)adenosine (log). From 9g 

A- 270 nm (13800), 285 sh (9700), X ,  246 (6200); UV (0.05 N 
HC1) 272 nm (16900), 290 sh (11 6001, X ,  246 (6900); NMR 
(DMSO-d6) 6 0.86-1.71 (15 H, m, c-C&IllCH2CHJ, 2.38 (2 H, t, 
C=CCH.J, 3.55-3.68 (2 H, m, Hd’a,b), 3.95 (1 H, dd, H-4’),4.12 
(1 H, dd, H-3’),4.53 (1 H, dd, H-2’),5.18 (1 H, d, 2’- or 3’-OH), 
5.24 (1 H, t, 5’-OH), 5.45 (1 H, d, 2’- or 3’-OH), 5.85 (1 H, d, H-l’), 
7.42 (2 H, br s, NH2), 8.39 (1 H, 8, H-8). 

2-[2-( 1-Hydroxycyclopentyl)-ldkyn- 1-ylladenosine (10j). 
From 9j (450 mg, 0.86 mmol), 10j (300 mg, 93%) was obtained: 
W (H20) A- 270 nm (7500), 289 (9100), A- 247 (6600), 281 

248 (6600), 283 (9500); NMR (DMSO-d6) S 1.66-1.94 (8 H, m, 
c-C&18-H), 3.53-3.69 (2 H, m, Hd’a,b), 3.95 (1 H, dd, H-4’),4.12 
(1 H, dd, H-3‘),4.49 (1 H, dd, H-29, 5.16-5.18 (2 H, m, OH X 2), 
5.42 (1 H, br s, OH), 5.46 (1 H, d, OH), 5.87 (1 H, d, H-l’),7.43 
(2 H, br s, NH2), 8.41 (1 H, s, H-8). 
24 24 l-Hydroxycyclohexyl)-l-ethyn- 1-ylladenosine (10k). 

From 9k (500 mg, 0.93 mmol), 10k (310 mg, 85%) was obtained: 

W (0.05 N HCl) A- 271 nm (15600), 294 (10800), X ,  247 (7300), 
284 (10300); NMR @MSO-d6) S 1.25-1.87 (10 H, m, c-C6Hlo-H), 
3.56-3.71 (2 H, m, Hd’a,b), 3.97 (1 H, dd, H-4’),4.15 (1 H, dd, 

H, br s, NHJ, 8.39 (1 H, 8, H-8). 
2-[2-( l-Hydroxycycloheptyl)-lethyn-l-yl]adenosine (101). 

From 91 (500 mg, 0.91 mmol), 101 (320 mg) was obtained UV 

(480 mg, 0.92 m o l ) ,  lob (300 mg) WBB Obtained: W (HzO) 

(460 mg, 0.86 m o l ) ,  1Oc (290 mg, 87%) was Obtained: W (HzO) 

mg, 0.92 “01). 1od (290 mg, 84%) ww obtained: UV (HzO) 

A, 271 nm(15800), 294 (12000), A- 247 (66001,284 (11 300); 
NMR (DMSO-d6) 6 1.29-1.84 and 2.54-2.65 (11 H, m, C-CgH11), 

8.39 (1 H, 8, H-8). 

(450 mg, 0.84 m o l ) ,  1Oe (290 mg, 89%) wm obtained: W (HzO) 

H-4’), 4.11 (1 H, dd, H-3’), 4.53 (1 H, dd, H-2’),5.18 (1 H, d, 2’- 

(510 mg, 0.91 m o l ) ,  l @  (320 mg, 85%) W B ~  Obtained: W (H2O) 

(9100); W (0.05 N HCl) 272 nm (14100), 295 (10300), A- 

UV (HZO) & 270 nm (14400), 287 sh (9600), &j,, 246 (7100); 

H-3’), 4.50 (1 H, dd, H-2’), 5.11 (1 H, d, OH), 5.20 (1 H, t, 5’-OH), 
5.44 (1 H, d, OH), 5.50 (1 H, d, OH), 5.89 (1 H, d, H-l’), 7.41 (2 

(H2O) & 270 nm (13100), 289 (9OOO), & 246 (6100), 283 (Ssoo); 
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W (0.05 N HC1) & 272 (14300), 296 (10300), & 247 (6300), 
284 (9500); NMR (DMSO-d6) 6 1.49-2.00 (12 H, m, c-C7H12-H), 
3.53-3.69 (2 H, m, H-5’a,b), 3.95 (1 H, dd, H-4’1, 4.12 (1 H, dd, 
H-39, 4.50 (1 H, dd, H-2’),5.15-5.17 (2 H, m, OH X 2), 5.41 (1 
H, br 8, OH), 5.45 (1 H, d, OH), 5.88 (1 H, d, H-l’), 7.44 (2 H, 
br s, NH2), 8.41 (1 H, 8, H-8). 

2424 1-Hydroxycycloocty1)-l-ethyn-1-ylladenoeine (1Om). 
From 9m (500 mg, 0.89 mmol), 1Om (330 mg, 89%) was obtained: 

(8900); W (0.05 N HCl) A- 272 nm (139001,295 (102001, X ,  
248 (6200), 283 (9400); NMR (DMSO-d6) 6 1.45-1.93 (14 H, m, 
~-Ca14-H), 3.54-3.68 (2 H, m, H-5’a,b), 3.95 (1 H, dd, HA’), 4.12 

br s, NHz), 8.41 (1 H, 8, H-8). 
Adenosine Receptor Binding Assay. The Al and Az recaptor 

binding assays were done by previously described methods.l6 
Briefly, the Al receptor binding assay was done in rat brain 
membranea using [SIICHA as a radioligand. The reaction mixture 
containing [3H]CHA, adenosine deaminase, a test compound 
solution, and the Al receptor preparation was incubated at 23 “C 
for 2 h. After the incubation, the reaction mixture waa fiitrated 
with a glass fiber fiiter under reduced pressure. Nonbound ra- 
dioactivity was removed by washing the fiiter with ioe-cold buffer. 
The radioactivity of the glass fiber fiter was counted in a liquid 
scintillation counter. The Az receptor binding assay was done 
in rat striatal membranes using [3H]NECA in the presence of 50 
nM CPA. Nonspecific binding of i3H]CHA and [3H]NECA were 
defiied as binding in the presence of 10 mM (R)-phenyliao- 
propyladenosine and 100 pM CPA, respectively. IC, values were 
calculated from a nonlinear, log transformation of specific binding 
data from the ligand binding assay and converted to Ki values 
as described previously.16 

Blood Pressure and Heart Rate. Effects of the compound 
on BP and HR in iv administration were measured in aneathetized 
male SHR as described previously.16 

The solution of the test compound (0.03-100 pg/mL) was 
administered iv at 5-min intervals in a cumulative manner. 
Changes in BP and HR were expressed in terms of percent changea 
of their control values. The relative potency to decrease BP was 
estimated on the basis of the EDm value, the mean dose that 
produced a 30% decrease in BP of SHR. Similarly, the relative 
potency to decrease HR was estimated on the basis of the EDlo 
value, the mean dose that produced a 10% decrease in HR of 
SHR. Antihypertensive effect of the compound in oral admin- 
istration was also examined in conscious SHR as described pre- 
viously.16 
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